M ultiple sclerosis (MS) is a progres sive neurological condi tion that can result in wide-ranging impairments that may impact negatively upon activity and participation levels. Evidence demonstrates that people with MS are more sedentary and physically inactive than those in the general population, even in the early stages of the disease. 1, 2 This is thought to be due to a combination of factors which include the direct effect of MS-related impairments (such as fatigue and weakness), and the general deconditioning and functional deterioration which occurs as the disease progresses.
It is now well established that targeted exercise and increased levels of physical activity can result in a range of physical [3] [4] [5] [6] [7] and emotional 8, 9 benefits for people in the early stage of MS, although this is yet to be established for those in the progressive phase of the disease. 10, 11 Such increases in physical activity are important to minimize the complications and comorbidities associated with living a more sedentary lifestyle. 12 Furthermore, recent literature has suggested possible neuroprotective properties of exercise in people with MS. 13 Accordingly, there has been an increased emphasis within clinical practice to incorporate exercise programs and facilitate engagement with physical activity. 14 This approach aligns with public health guidelines, 15 developed to promote physical activity participation in the general population at a sufficient level to achieve health benefits.
Evidence based physical activity guidelines recommend that people with MS who have mild to moderate disability should aim to participate in 30 minutes of moderate intensity aerobic activity twice a week and progressive resistance training involving major muscle groups twice a week. 16 There are no current guidelines regarding the prescription of physical activity levels for people with MS who have higher levels of disability.
Ensuring that adequate levels of physical activity are sustained in the long term is challenging, both for people with MS and for those involved in their management. 17 Choice of activity, advice and support, control over level of engagement, 18 and the ability to develop "self-support" 19 have been identified as key factors to facilitate participation with physical activity. The low levels of physical activity in people with MS 20 has also prompted researchers to identify the barriers to participation that people with MS experience. Fatigue, lack of time, and the effort and travel distance required to access rehabilitation venues are reported as barriers. 21, 22 In parallel, health services across the world face ever-increasing financial pressures, enforcing reconsideration of cost effective, evidence-based service delivery.
Remote provision of health care using telecommunications technology is now widely used and is often described under an umbrella term of Telehealth. Such technologies may: facilitate real-time, interactive communication between the patient and professional; use "store and forward" technology where information related to the patient is gathered, stored and forwarded to the professional at a later date; or facilitate the patient to use technology for health benefits without the requirement to share information. Innovations in webbased technologies are increasingly being used as a method for delivering rehabilitation programs or promoting increased physical activity, where the term telerehabilitation may be used. Reviews of such interventions in the general population, as well as in conditions such as obesity, rheumatoid arthritis and diabetes, have indicated promising results. 23, 24 More recently, 2 systematic reviews of randomized controlled trial studies in MS, evaluating a broad spectrum of telerehabilitation interventions, suggest that these distance-based interventions may be effective in increasing physical activity, 25, 26 but that further robust research in this area is needed. However, these reviews of telerehabilitation are broad, including not only studies using technology in the form of real-time or store and forward innovations but also studies using technology in the form of gaming (such as the Wii) or pedometers to encourage increased engagement with physical activity. It is therefore not possible to evaluate the effectiveness of each specific type of telerehabilitation intervention. Qualitative work 27 and process evaluation questionnaires 17 have been undertaken to explore the feasibility and acceptability of web-based interventions, and provide helpful information to guide their on-going development. User feedback is important to optimise their effectiveness in enabling people with MS to increase and sustain physical activity levels in the long term.
This systematic review focused on studies of any design that investigated the use of interventions delivered via the internet that aimed to increase physical activity (as defined by Caspersen et al 28 ) in people with MS. It sought to establish their effectiveness in increasing physical activity, over the short term (≤3 months) and the long term (>3 months), 25 and whether levels of activity met MS-specific guidance. 16 This systematic review was conducted according to an a priori published protocol, which was registered with PROSPERO (ref CRD42016054084). 29 The original aim of this systematic review was to comprehensively explore the use of web-based interventions in increasing physical activity levels in people with a diagnosis of multiple sclerosis (MS), including both qualitative and quantitative data. As the literature search yielded quantitative papers, it was not possible to address the qualitative objectives. Therefore, only the quantitative elements of the review are reported in this paper.
The quantitative objectives were to identify the effectiveness of web-based interventions in enabling people with MS to increase their physical activity levels, as evaluated by measures of physical activity; to examine whether shortor long-term web-based interventions enable people with MS to achieve the physical activity levels recommended in guidelines for adults with MS while they are being used; and to examine whether the use of web-based interventions enable people with MS to maintain recommended levels of physical activity after the intervention has ceased, at short-and long-term follow-up.
Methods

Data Sources and Searches
Searches aimed to find both published and unpublished studies. A 3-step search strategy was utilized. An initial limited search of MEDLINE, AMED, and CINAHL was undertaken followed by an analysis of the text words contained in the title and abstract, and of the index terms used to describe articles. A second search using all identified keywords and index terms was then undertaken across all 8 included databases. Thirdly, the reference list of all identified reports and articles was searched for additional studies. Studies published in English since 1990 were considered for inclusion. This date restriction is in place as the World Wide Web was established in 1989, and, therefore, web-based interventions were not possible prior to this. Two independent reviewers screened abstracts and full text articles for eligibility for inclusion, and any duplicates were removed.
The initial keywords used were as follows: 
Study Selection
This review considered studies that included adults over the age of 18 with a diagnosis of MS, regardless of MS type, time since diagnosis, or level of disability. It considered both experimental and epidemiological study designs, including randomized controlled trials, nonrandomized controlled trials, quasi-experimental studies, before and after studies, prospective and retrospective cohort studies, and case control studies.
Studies that investigated the use of web-based interventions that were exercise or lifestyle activity based, and/ or incorporated a behavior change or coaching approach to increase physical activity were reviewed. Studies reporting an active comparator, usual care or waiting list control, and those without such comparators were included. Interventions describing any regimen of frequency or intensity of delivery were included. Studies that described use of the Internet to deliver virtual assessments or gaming interventions (such as Wii or Xbox) were not included to enable a focused, manageable, but in-depth review of this topic drawing upon evidence from a wide range of research methodologies.
Studies were considered if they included measures of physical activity such as accelerometer, pedometer or global positioning system data, or physical activity questionnaires. Participation outcomes, when measured alongside physical activity data, were also included (eg, by recorded numbers of log-ins to web-based interventions or completion of activity diaries). The purpose of this review was not to evaluate the effectiveness of web-based interventions at the level of impairment; therefore, outcomes such as weight loss, reduced blood pressure, increased cardiovascular fitness, and muscle strength were not considered.
Data Extraction and Quality Assessment
Papers selected for retrieval were evaluated by 2 independent reviewers using a 2-stage process to assess relevance and quality. Standardized critical appraisal instruments from the Joanna Briggs Institute Meta Analysis of Statistics Assessment and Review Instrument ( JBI-MAStARI) were used (accessed via https://www.jbisumari.org/). Any disagreements that arose between the reviewers were resolved through discussion, or with a third reviewer on 2 occasions. The outcomes of the quality assessments were summarized by calculating the number of items that were marked as present for each study. In keeping with the aim to be as comprehensive as possible, a cutoff point for inclusion was not set for the quality review stage; however, the outcome of the quality assessment was considered when making inferences from the data synthesis.
Data were extracted from papers using the standardized data extraction tool from JBI-MAStARI. The data extracted included specific details about the interventions, populations, study methods, and outcomes of significance to the review question and specific objectives.
Data Synthesis and Analysis
Where possible, data were combined in statistical meta-analysis to obtain a pooled standardized mean difference with 95% CI. Where standard deviations were not reported, they were imputed from the reported standard error using the formula SD = SE × √N. 31 Because of the small sample sizes and variability of sample characteristics within the studies, 32 a random-effects generic inverse variance analysis was undertaken. The pooled data set was analyzed for heterogeneity using a combination of visual inspection and consideration of the chisquared statistic, setting a P value of .10. 33 Publication bias was not assessed as recommended 34 due to the low numbers of included studies.
Where statistical pooling was not possible, the findings are presented in narrative form, including tables and figures to aid in data presentation.
Results
Study Selection
One reviewer (RD) performed the searches in September 2016. In total, 881 records were identified, which after removal of duplicates resulted in 618 titles and abstracts being screened for eligibility, and 9 studies subsequently being included in the review. The results of the searches are presented in the study selection flow chart ( Fig. 1) , with specific details of the included studies in Table 1 .
Critical Appraisal Results
Methodological quality. Summaries of the appraisal of study quality are included in eTables 1 and 2 (available at https://academic.oup.com/ptj). Stand ards of reporting were generally good Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 57 flow diagram of search and study selection.
with both case series articles being marked as "yes" for all questions. Within the randomized controlled trials, the median number of "yes" scores was 10 of a possible 13 items (interquartile range = 8.75-10.25). The most frequently omitted methodological items related to masking of research assessors and management of incomplete outcome data. Masking of both participants and treating therapists was not reported to have been undertaken in any trial, a common finding in reviews of rehabilitation trials. 35
Description of participants. The total number of participants recruited from the included studies was 346. Baseline characteristic data were available for 340 participants, of whom 68% were women, with a mean age of 45.7 years (SD = 9.4 years) and disease duration of 8.9 years (SD = 7.0 years). Participants were ambulant, with the majority (75%) walking unaided. 41 has been used within the meta-analysis. The other 2 included studies are single-group design where participants are the waiting list controls from previously reported studies. 39, 40 Only 1 of the studies 30 described their sample size calculation.
Description of web-based interventions.
Eight of the 9 articles report on studies that were part of the development process of a behavioral intervention designed to increase physical activity by promoting additional walking as part of everyday life. The intervention was initially trialled as a 12-week multimedia internet intervention 38, 39 that focused on 4 information modules based on the Social Cognitive Theory: Getting Started, Planning for Success, Beating the Odds, and Sticking With It. Content of the modules was made accessible during the intervention period in a titrated fashion and was supported with group chat sessions and a telephone line and email address to provide direct contact with the study team. The professional background of the study team is not described.
Subsequent studies 17,40 described the addition of 7 one-toone video coaching sessions via Skype with the aims of increasing participant website log-in, and reinforcing and clarifying website content with them. The coach was a doctoral student with expertise in behavior change and experience in conducting physical activity research in people with MS. In these 5-to 10-minute sessions, the participant and coach reviewed and progressed goals and discussed strategies to aid behavior change based on the website content that had already been accessed. 17, 40 In the latest reported study, 41 the intervention was delivered over 6 months and included 15 of the video coaching sessions. Intervention group participants in this study also wore a pedometer and completed a logbook and goal tracker spreadsheet to motivate and record physical activity as part of the program.
Tallner et al 30 describe a different intervention approach delivered via the internet: a 6-month, individually prescribed, twice-weekly strength training and weekly endurance training (jogging, walking, cycling, or swimming) program. The trainers were physical therapists or exercise therapists with experience of rehabilitation of people with MS and trained in the exercise prescription and study processes. Participants received supervision, and had their exercise programs progressed online using a standardized progression scheme, delivered via a messaging service in the web-based software (not in real time) with further email and telephone support if required. None of the articles published after the development of the Template for Intervention Description and Replication (TIDieR) guidelines 43 made reference to them in reporting their interventions, 2,30 although a summary of the intervention components is provided within each article.
Description of Outcomes
Physical activity. Physical activity was measured using both self-report and objective measures. Three different standardized and validated self-report measures were used. The Godin Leisure Time Exercise Questionnaire (GLTEQ) was reported in 6 articles, 2, 17, [38] [39] [40] [41] the International Physical Activity Questionnaire (IPAQ) was reported in 5 articles, 1,2,37,40,42 (3 of which reported the same sample 1,2,42 ), and the Baecke Questionnaire was reported in 1 article. 30 The GLTEQ 44 includes 3 items that measure the frequency of light, moderate, and vigorous leisuretime physical activity completed for at least 15 minutes over the previous 7 days, which are weighted and summed (0-119). The IPAQ 45 has 6 items that measure the frequency and duration of vigorous, moderate, and walking physical activity over a 7-day period which are then weighted and summed (0-117). The sport score of the Baecke Quesionnaire 46 is the product of the frequency, intensity, and duration of a participant's reported sports activities. In each of these measures, higher values indicate increased levels of physical activity.
Accelerometers, worn at the waist during waking hours, were used to collect objective physical activity data over 7 days in 3 studies [39] [40] [41] and are reported as part of a composite measure in a secondary analysis article. 2 The activity counts per day (for days when the accelerometers were worn for at least 10 hours) were converted into minutes of moderate to vigorous physical activity (MVPA) per day using validated cutoff points. 47, 48 In addition, pedometer steps-per-day data, as a descriptive measure of change in physical activity, were available from intervention group participants in 4 studies 17, [39] [40] [41] where higher numbers of steps per day demonstrate greater levels of activity. Although no MS-specific step count recommendations are available, a value of 7100 steps/day has been suggested (by the literature for older adults who are healthy and special group populations) to equate to someone achieving 30 minutes of MVPA. 49 Participation. Participation in the interven tions was reported in 6 studies 1, 17, 30, [38] [39] [40] as numbers or percentages of website log-ins or percent age of participants completing their prescribed program.
Process evaluation questionnaires.
Process evaluation questionnaires were incorporated at the end of 2 studies. 17, 39 Information regarding overall satisfaction of the intervention, the website, and the staff delivering the program was collected.
Effectiveness of interventions in increasing physical activity levels.
Both self-reported and objec tive data were available from the included studies and will be presented separately. All effect sizes are presented as the Cohen d.
Self-report physical activity questionnaires. Self-reported physical activity questionnaire data were available from 4 different study samples (n = 277 [complete data set]). Participants in the intervention groups participated in significantly more self-reported physical activity than controls: P = .001, d = 0.77 41 ; P = .01, d = 0.72 38 ; P = .001, d = 0.33 30 ; and, for the fourth sample, P < .001, d = 0.98, 17 which remained statistically significant at the 3-month follow-up (P < .001, d = 0.79). These data were pooled in a meta-analysis (Fig. 2) . The pooled standardized mean difference of 0.67 (95% CI = 0.43-0.92) indicated a positive effect in favor of the web-based interventions.
Self-reported physical activity questionnaire data were also available from the 2 single-group studies. One, 39 the waiting list control group from the initial pilot study, demonstrated a small and nonsignificant increase in GLTEQ scores (P = .07, d = 0.34) and a significant improvement in IPAQ scores (P = .03, d = 0.43). In the second follow-up single-group study, 40 a statistically significant and large increase in GLTEQ scores (P < .0015, d = 0.83) and IPAQ scores (P < .001, d = 1.12) was demonstrated on completion of the treatment period, which had not been seen in the period of no treatment.
Accelerometry data. Accelerometry data were available from only 1 randomized controlled trial 41 and the 2 single-group studies 39, 40 and is therefore reported here narratively. Pilutti et al 41 presented accelerometry data which indicated that participants in the intervention group achieved a moderate but nonsignificant increase in time spent undertaking MVPA compared with controls (P = .07, d = 0.43). This equated to an average increase of just under 6 minutes a day of extra MVPA compared with controls. Reporting on the same study, Motl 2 conducted a secondary analysis in which a composite score of PA was created combining GLTEQ, IPAQ, and accelerometry. This composite physical activity data were analyzed using a 1-way analysis of covariance, controlling for baseline physical activity scores, and demonstrated that the intervention group had significantly higher levels of physical activity compared with those in the waiting list control group after the 6-month intervention (P < .001, ηp 2 [partial eta-squared effect size] = 0.12), which the authors reported to be a "practically meaningful effect." 2 The preintervention and postintervention accelerometer data from 2 single-group studies 39, 40 demonstrated statistically significant increases in both total activity counts per day (P = .002, d = 0.68 39 ; P < .001, d = 0.92 40 ) and total step counts per day (P < .001, d = 1.03 40 ).
Intervention group pedometer data were reported from 3 studies 17, 40, 41 all of whom report increases in weekly pedometer step counts. Two of the studies note that the increases occurred during the first 6 weeks of the 12-week interventions and were maintained to the end. 17, 40 The magnitude of these increases ranged from 22%, or an average of 1387 steps per day, 38 to 46% (1869 steps) 40 -both in excess of the minimal clinically important difference; these data would indicate a change in ambulation and clinical/health outcomes in people with MS. 50 As there were no control-group pedometer data, it is not possible to comment on whether these increases were due to the intervention.
Achievement of recommended levels of physical activity. Although all articles describe the importance of physical activity in people with MS and one 30 makes direct reference to exercise prescription recommendations, 51 none report physical activity levels in line with recommendations for either the general 52 or MS 16 populations. However, 4 17,38-40 of the 9 articles were published before the publication of the MS-specific guidelines.
Detailed information regarding the type and intensity of physical activity undertaken is reported in only 1 study, 30 in which participants were individually prescribed strength and self-selected endurance-training programs based on their fitness level. A standardized progression scheme was used to facilitate strength training overload, and guidance was given regarding endurance training intensity levels in line with recommendations. 51 There is no detail provided as to whether this was achieved or whether these data were collected.
Dlugonski et al 17 report intervention group pedometer data that demonstrated that the sample walked an average of 6368 steps per day in the final week of the 12-week intervention. However,
Figure 2.
Meta-analysis of self-reported physical activity questionnaire data. df = degrees of freedom; IV = inverse variance; Std. = standardized.
data from the follow-up single-group study 38 showed that 67% of the participants exceeded 7100 steps/day over 1 week-above the value suggested 42 to be required for accumulating 30 minutes of MVPA each day for older adults and special populations.
Participation in and maintenance of physical activity levels in the short and long term. Participation data were collected by 6 of the included studies and is summarized in Table 2 . In the US behavioral intervention studies, participation in the early stages of the intervention 38, 39 decreased during the intervention periods, but this was demonstrated to be improved by the addition of video coaching sessions during development of the intervention program. 1, 17, 40 These sessions were delivered one-to-one, online, in real-time, initially weekly and then with decreasing frequency over the intervention period. However, in the German exercise-based study, although web-based one-to-one support was available for each participant, participation in documented training sessions in the online activity journal declined after 4 weeks, falling to 36% of documented sessions after 3 months. However, it is not possible to establish if participants were continuing to exercise and not documenting their engagement with the program, or if they were no longer adhering to their exercise program.
Only 1 study 17 collected follow-up physical activity data (self-reported physical activity at 3 months) which demonstrated that the increase in physical activity after intervention (P < .001, d = 0.98) was sustained at 3 months (P < .001, d = 0.79).
Process Evaluation
Twelve of the 21 participants provided feedback in 1 study 39 and 21 of the 22 who completed the intervention in another. 17 Participants in both studies reported a high degree of satisfaction with the program as a whole, the staff involved, and an overall willingness to recommend the intervention to others. They reported less satisfaction with the intervention website, citing disinterest 39 in the online group chat sessions, and difficult to use forum section, as reasons for this and suggested that the program would benefit from more interaction with other participants.
Discussion
The purpose of this systematic review was to examine the effectiveness of web-based interventions in enabling people with MS to increase their physical activity levels. Further, to ascertain if any increases were in line with recommended levels for adults with MS 16 and were maintained at short-and long-term follow-up. 25 The review also set out to include a qualitative component, but as no studies were found that met the inclusion criteria, it is not possible to achieve this aim of the review. This finding is of interest in view of the potential benefit gained from engaging with intervention users when designing and developing effective interventions that people want to use long term.
Effectiveness in Enabling Increased Physical Activity Levels
The results of the meta-analysis of self-reported physical activity data demonstrated that web-based interventions had a moderate positive effect on physical activity in participants with mild disability. Self-report measures are recognized to have limitations in terms of social desirability and recall biases in their use. 53 Further, the GLTEQ measures only leisure-time exercise of longer than 15-minute duration and the Baecke Questionnaire sports score, only time in recognized sports; neither therefore capture the important shorter bursts of activity that people engage in as part of their usual activities of daily living throughout their day, or to accommodate disabling symptoms such as fatigue. To our knowledge, there are no established minimal clinically important differences for self-report measures of physical activity, and, hence, understanding the meaningful change also remains difficult. These issues highlight the importance of collecting more complete, objective data to accurately picture a person's daily lifestyle activity and help provision of the most appropriate physical activity advice.
Participants in all included studies had minimal disability, with a high percentage reporting no limitations to walking. Hence, it is not possible to comment on whether such interventions would be effective for people with higher levels of disability. Indeed, results from a secondary analysis of data from Pilutti et al 2 demonstrated a disability x time effect suggesting that their 6-month intervention was most effective for those whose mobility was least affected. Other analyses went further, suggesting a greater effect for people with relapsing-remitting MS and normal weight. In many countries, the population of people with MS who access health care systems have typically higher levels of disability and as such, this raises the question whether webbased interventions can also be beneficial for this group. Further, it may also challenge current practice, pointing to provision of physical activity promotion and rehabilitation input at earlier stages of the disease.
Participants from most of the included studies completed the Physical Activity Readiness Questionnaire, 54 a tool designed to help people evaluate their medical fitness prior to engaging in physical activity. Whilst fitness to exercise is very important, none of the studies asked participants about their attitude or readiness to engage in increased physical activity. It may be important to incorporate such questions prior to using such interventions in practice, where targeting a population ready to engage may have greater clinical and cost benefits.
Walking was the most common type of physical activity encouraged in the included studies. In order to describe the amount of activity undertaken at recommended levels, data were presented as steps per day or time spent undertaking MVPA. Those that reported time spent in MVPA calculated this according to defined cutoff points 1 of numbers of steps/minute that would equate to MVPA. It is suggested that for people whose disability levels are higher, the increased effort of walking 55 may mean that the number of steps/minute to reach MVPA is lower. 2, 48 There is no available data regarding required numbers of steps per day for people with MS to achieve 30 minutes of MVPA, so reference is made to 7100 steps per day over 1 week, the figure obtained from the older adult and special groups literature. 49 For those people where it is too challenging to engage in sufficient walking to achieve health benefits, accessing other types of physical activity to achieve an adequate duration and intensity of activity is important. 1 This was incorporated into the Tallner 30 intervention, where choice of endurance activity included activities such as cycling, swimming, and cross training.
Achievement of Recommended Levels of Physical Activity
Physical activity guidelines for people with MS with mild to moderate disability recommend that people should aim to undertake 30 minutes of moderate intensity aerobic activity twice a week and progressive resistance training involving major muscle groups twice a week. 16 The findings of this review are such that it is not possible to suggest whether web-based interventions facilitate people with MS to meet these guidelines. Although some 17, [39] [40] [41] of the 8 articles describing the US behavior intervention development included accelerometer or pedometer data (that could be used to estimate time undertaking MVPA), none report whether any of the web-based modules or coached sessions discussed or prescribed strength training. The final article 30 described a targeted exercise program including both strength and endurance components that could therefore have facilitated meeting recommendations, but do not present data as to whether prescribed levels were achieved, sufficiently intensive, or performed for long enough.
One of the potential benefits of a webbased intervention is that it may be used to help people maintain activity levels in the long term. As such, the issue of participation is an important one to consider. The importance of appropriate support to facilitate engagement with exercise is well recognized. 30, 56 In the included studies, such support was provided by: experienced doctoral students (whose clinical background is not stated) in the behavioral intervention studies 17, 40, 41 ; and physical therapists or exercise therapists in the targeted exercise intervention study. 30 The opportunity to engage with webbased support through a messaging service, with email and telephone options as required, did not appear to help participants adhere to the program in the latter study, 30 in which participation in documenting training sessions had already begun to decline after 4 weeks. However, during the development of the US behavioral intervention, the addition of web-based individual coaching sessions as part of the intervention was demonstrated to be instrumental in increasing participation. 17 It is perhaps the case, therefore, that planned, face-to-face sessions were key to the delivery of successful online support. This gives rise to the question as to whether it was the coaching itself or its role within the intervention package that made the difference. A further area of note is whether measuring participation as numbers of log-ins or attendance at a coaching session truly represents the level of engagement with an exercise program or indeed participation in increased physical activity.
Maintenance of Physical Activity Levels in the Short and Long Term
It is not possible to comment on whether the web-based interventions enabled people to sustain recommended levels of physical activity in the long-term due to the lack of data. Only 1 study 17 included any follow-up beyond the postintervention assessment and that was short term, at 3 months. The statistically significant increases in self-reported physical activity that remained at 3 months are promising, but longer-term follow-up data are required to enable thorough discussion of this issue.
Strengths and Limitations of This Review
One of the strengths of the review was that it set out to include both qualitative and quantitative studies of any design, not just randomized controlled trials. This systematic review has enabled clarification of the existing body of literature, which can be sometimes difficult given the wide-ranging publication sources. It has identified that, of the 9 articles published, there is multiple secondary reporting of a single study, resulting in 6 independent data sets (2 of which were singlegroup studies). It has identified that the included studies, in essence, report on just 2 different interventions. The webbased intervention inclusion criterion was chosen because of the very distinct role such interventions can provide and the specific challenges they present. This was in contrast to 2 previous technology based systematic reviews in MS 25, 26 and resulted therefore in this focused review including only a small number of studies, which could be considered a limitation.
A further limitation of this study was that we chose not to include measures of effectiveness such as reduced blood pressure or weight loss. Although this was in keeping with our desire for the review to remain functionally focused, given the opportunity afforded by telehealth for remote monitoring of vital signs by patients, studies evaluating potential impact may have provided interesting additional evidence, specifically in relation to remote physical activity prescription, facilitation of participation, and progression of activity.
Conclusion
This systematic review suggests that web-based interventions have a positive effect on self-reported physical activity in the short term in people who have MS and are ambulant. There is insufficient evidence to comment on their effectiveness on objective physical activity data or whether increases in physical activity equate to disease specific or worldwide physical activity recommendations. Due to the lack of follow-up data, it is also not possible to suggest whether such interventions can have an effect on physical activity levels in the long-term. Similarly, it is not possible to comment on whether they can be effective for people with higher levels of disability, but it may be that web-based interventions have greatest impact on physical activity when used in the early stages of the disease.
Web-based interventions may be helpful in facilitating an increase in physical activity levels in people who have MS and are ambulant, at least in the short term. Evidence is not currently available to either support or refute the use of web-based interventions in enhancing physical activity levels in people who have MS and are not ambulant. The importance of the user experience should be considered in the on-going development and evaluation of web-based interventions in the MS population. Research into the short-and long-term effectiveness of such web-based interventions, especially for those with higher levels of disability, is required. Finally, determining the most effective support methods to maximize participation in web-based interventions is vital.
